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Males and females often differ in their size, coloration, and behavior. Sexual size 3 dimorphism (SSD) is particularly widespread (Andersson, 1994; Fairbairn et al., 2007) , and 4 varies in magnitude from modest to extreme (e.g., males are up to 210% larger than females 5 in the Great Bustard, Otis tarda), and from male-biased to female-biased (e.g., females are 6 117% larger than males in the Dapple-throat, Arcanator orostruthus, Székely et al., 2007) . 7 Evolutionary biologists have long worked to explain this variation in terms of major selective 8 forces and to identify its correlates. Theory predicts that in polygamous species, one sex 9 should compete more fiercely for access to mates, and thus be selected to develop greater 10 body size to increase its competitiveness in contests (Andersson, 1994) . Mating system has 11 emerged as the most robust and important correlate of SSD in both birds and mammals, with 12 polygynous species exhibiting high SSD (Clutton-Brock et al., 1977; Payne, 1984; Oakes, 13 1992; Webster, 1992; Owens & Hartley, 1998; Weckerly, 1998; Dunn et al., 2001; 14 Lindenfors et al., 2003; Székely et al., 2007; Lislevand et al., 2009) . But while many studies 15 have examined sexual size dimorphism from a comparative or phylogenetic perspective, few 16 have investigated geographic variation in this trait (Dunn et al., 2001; Cardillo, 2002; 1 performed Phylogenetic Generalized Least Squares (PGLS) analyses on each predictor and 2 model, as implemented under an estimated lambda model in a script accompanying 3 Freckleton (2012), which was kindly adapted by R. Freckleton to work with the current 4 version of the ape package of R (Version 3.0-8; Paradis et al., 2004; R Core Team, 2013) . 5 We used the geiger package in R for estimations of Pagel's lambda and disparity-through-6 time plots, as well as several custom scripts written in R available upon request (Pagel, 1999; 7 Harmon et al., 2008) . 8 There is a widely observed relationship between body mass and SSD, which is 9 referred to as Rensch's rule (Rensch, 1950; see Fairbairn et al., 2007) . To correct for the 10 effects of body mass on mean SDI, we repeated the analyses described above with body mass 11 (species or grid cell average) included as a predictor variable. spatial heterogeneity and strong phylogenic effect (Table S2 ). 1 Lastly, in our phylogenetic comparative analysis of variation in SDI among species, 2 among-year variation in precipitation was the best predictor of SDI. However, this 3 relationship was very poorly predictive (Table 1 ; Fig. 2C ). We found that the distribution of 4 SDI among clades strongly followed phylogenetic relationships, as indicated by our high 5 estimate of Pagel's lambda parameter (Pagel 1999; Figure 3 ). Using disparity-through-time 6 plots (Harmon et al., 2003;  Figure S4 ), which show the accumulation of trait disparity among 7 versus within clades, we found that variation in SDI among clades may have accumulated 8 early in avian evolution. 9 10 Spatial Heterogeneity 11 12 Effects that are observed at regional scales may not be observed globally, and vice 13 versa. To examine the relationship between climate and SSD at a finer geographic scale, we 14 repeated our spatial analyses across the zoogeographic regions identified in Holt et al., 15 (2013) . We found a considerable degree of idiosyncrasy among regions in their relationship 16 between geography, climate, and SDI (Fig. 1C) . In most regions, geographic models and 17 within-year climate variation models best explained variation in SDI (Table S2, Table S3 ). 18 Some of these correlations were quite strong, particularly those in the Afrotropic (R 2 = 0.40), 19 Australian (R 2 = 0.35), and Sino-Japanese regions (R 2 = 0.46). However, there was also 20 considerable variation in which individual predictor variables best correlated with SDI in 21 different regions. For example, within-year climate variation best explained variation in SDI 22 in six out of eleven regions (Table S2 ), but this relationship was driven by temperature in 23 three of these regions, and by precipitation in the other three. Similar discordance was 24 present in the geographic models, with latitude, absolute latitude, and altitude best explaining 25 variation in SDI within at least one region. While there was occasionally strong support for a relationship between climate and SSD, the differences in model fit among different regions 1 and analyses demonstrate that this relationship is complex. Previous studies have investigated geographical and environmental correlates of traits 6 related to sexual selection, for example song (Botero et al., 2009) , plumage dichromatism 7 (Martin et al., 2010) , and extra-pair paternity (Botero & Rubenstein, 2012) , with only one 8 recent study in primates focused on environmental correlates of SSD (Dunham et al., 2013) . 9 Here, we conducted a global study investigating the geographic and climatic correlates of 10 sexual size dimorphism sampling roughly one quarter of extant bird species. We identified 11 several weak broad-scale geographical and climatic correlates of SSD in birds, but also 12 substantial effects of geographical heterogeneity, spatial autocorrelation, and phylogeny. 13 Latitude was the most consistent correlate of SSD in birds both globally and within 14 individual zoogeographic regions, with male-biased SSD increasing from the equator 15 towards the southern pole and decreasing towards the northern pole (Fig. 1C , Tables S2, S3 ). 16 This result directly contradicts our prediction that SSD should be male-biased in more 17 seasonal northern latitudes. This result suggests a weak but measurable latitudinal gradient in 18 SSD, but not an immediately satisfying explanation, as latitude correlates with many abiotic 19 and biotic factors (e.g. Schemske et al., 2009) . Our putative explanation is that the difference 20 between southern and northern hemisphere in SSD is the result of the unique evolutionary 21 histories of the two avifaunas, as the effect of latitude was much weaker in phylogenetically 22 controlled analyses (Table 1) . However, this is probably not a complete explanation, because 23 the latitudinal effect was quite consistent across zoogeographic areas (Fig. 1C ), which are 24 largely composed of evolutionarily distinct faunas (Holt et al., 2013) . 25 There remained substantial variation around global patterns of SSD in relation to 26 13 climatic variables (Fig. 1C , also see Table 1 ), which is usually true even in smaller scale 1 analyses (e.g., Cox et al., 2003) . A multitude of biotic and small-scale environmental factors 2 were previously hypothesized or demonstrated to correlate with mating systems or SSD. 3 They include heterogeneity in the quality of territories (Verner & Willson, 1966; Orians, 4 1969), population density (Lukas & Clutton-Brock, 2013) , spatial and temporal clumping of 5 resources (Emlen & Oring, 1977) , prey type (Krüger, 2005; Shreeves & Field, 2008) , male 6 display behaviour (Székely et al., 2000; Serrano-Meneses & Székely, 2006) or breeding in 7 cooperative groups (Rubenstein & Lovette, 2009) . It proved impossible to model effects of 8 these factors on a global scale. However, here we were interested in global patterns and so 9 the absence of these factors should not have biased our results. 10 Among zoogeographic regions, within-year variation in climate was a consistent 11 correlate of SSD (Table S2, S3 ). However, while some of these local correlations were quite 12 strong, their direction and best-fitting predictor often differed (Fig. 1C ). In northern 13 temperate regions (Nearctic and Palearctic), SDI increased with within-year climatic 14 variability. On the contrary, in subtropical and tropical regions (Afrotropical, Oriental, and 15 Sino-Japanese), SDI decreased with within-year climatic variability (Tables S2 and S3 ). One 16 potential explanation might be that in northern temperate regions, high climatic seasonality 17 leads to temporal clustering of available mates and thus to higher environmental potential for 18 polygamy. On the other hand, in subtropical and tropical regions, higher environmental 19 variability might select for cooperative breeding (Rubenstein & Lovette, 2007; Jetz & 20 Rubenstein, 2011, but see Gonzales et al., 2013) , which might lead to less male-biased SSD 21 due to high intra-sexual competition in females (Clutton-Brock et al., 2006) . In accordance 22 with this hypothesis, cooperative breeding is particularly prevalent in subtropical and tropical 23 areas (Jetz & Rubenstein 2011) . 24 The zoogeographical regions compared in this study represent not only discrete 25 geographical regions, but also phylogenetic clusters (Holt et al., 2013) . Thus, heterogeneity 1 among these categories in their response to environmental predictors also represents 2 heterogeneity among clades. Global correlations among climate predictors and SSD were 3 poorly predictive after correcting for phylogeny, suggesting idiosyncratic histories for this 4 trait in each lineage. Indeed, we found that SSD closely followed phylogeny ( Figure 3 ), and 5 in so doing diversified early in avian history ( Figure S4 ). This provides some evidence that 6 historic effects, such as biogeography and constraints on body size, may each play a major 7 role in the evolution of SSD. Alternatively, these other relationships may be better explained 8 by environmental filtering (Weiher & Keddy, 1999) than by correlated evolution of climatic 9 niche and sexual size dimorphism. To disentangle the complex relationship between 10 phylogeny and geography, ecology and evolution, studies are needed that simulate these 11 processes to map a null distribution of species' trait values across the globe. 12 In conclusion, our a priori hypotheses about global geographic and climatic correlates 13 of SSD in birds (see Introduction) were mostly not supported. Only the hypothesis of higher 14 male-biased SSD in regions with high climatic seasonality received partial support, and then 15 only in northern temperate regions. Our results broadly agree with previous studies, which 16 generally did not identify consistent climatic correlates of SSD in insects, birds, and primates 17 (Székely et al., 2004; Serrano-Meneses & Székely, 2006; Plavcan et al., 2005; Dunham et 18 al., 2013; Laiolo et al., 2013) . There is only one study in seabirds that was able to link SSD 19 to ocean productivity (Fairbairn & Shine, 1993) , but its results remain controversial as they 20 were contradicted by a follow-up study (Croxall, 1995) . We think that all these studies 21 together suggest that variation in SSD is likely driven by smaller-scale environmental 22 processes, for example resource clumping on the scale relevant for avian territoriality 23 (Verner & Willson, 1966) . SSD is intimately linked to the behavioral dynamics of sexual 24 selection, mating systems, and parental roles; we consider our results to suggest that these Paradis, E., Claude, J. & Strimmer, K. (2004) 1901 1902 1903 1904 1905 1906 1907 1908 1909 1910 1911 1912 1913 1914 1915 1916 1917 1918 1919 1920 1921 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 2103 Table S1 : Comparison of environmental predictor models while correcting for variation in average body mass. All models are a significant fit at p < 0.001. ΔAIC values represent the difference between each model and the best-fitting model for that analysis. Multivariate models are shown in bold, with their variables listed below. Supplementary Table S2 : Comparison of relationships between environmental predictor models and SDI calculated from species breeding ranges. Univariate predictor regressions are shown in regular weight text, while multivariate predictor models are shown in bold with their individual component variables listed below. This table compares the goodness of fit for spatial analyses across the global grid using weighted least squares (WLS) and spatial autoregression (SAR), as well as phylogenetic comparative analyses among species using phylogenetic generalized least squares (PGLS) . ΔAIC values represent the difference between each model and the best-fitting model for that analysis, with the AIC of PGLS analyses averaged across trees. 
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